Background {#Sec1}
==========

The proportion of the elderly population aged ≥65 years has continued to dramatically increase worldwide from 8% in 1950 to 11% in 2009 \[[@CR1]\]. A similar tendency has occurred in Taiwan, as the number of elderly people increased by approximately 2% each year throughout the 1990s. The proportion of elderly Taiwanese is projected to further increase almost threefold from 10% in 2009 to 36% by 2050. Because the aging process is associated with increased susceptibility to chronic conditions, disabilities, psychosocial problems and comorbidities \[[@CR2], [@CR3]\], it is important that this aging population is able to enter late stages of life in relatively good health.

An extensive review of 28 quantitative studies reported that there are several methods to operationally define and measure successful aging \[[@CR4]\]. The prevalence and definitions of successful aging were found to vary among studies \[[@CR4]\]. As the number of included domains increased, definitions of successful aging tended to become more complex \[[@CR5]\]; there was, however, a consensus regarding the multidimensional nature of successful aging \[[@CR4]--[@CR6]\]. The Study of Health Assessment and Risk in Ethnic groups also reported a cross-national variation in the prevalence of successful aging among 14 European countries. The authors suggested that self-reported health measures may be the most appropriate measures for comparing cross-national differences to avoid diagnostic differences across countries \[[@CR7]\]. Multidimensional, standardized, and self-rated instruments are more practical and are more easily comparable among different countries and populations.

The Short Form-36 (SF-36) is a multidimensional scale and a well-established instrument that measures health concepts and self-reported health-related quality of life \[[@CR8]\]. Using SF-36 to define successful aging is acceptable because it represents overall health status in two key measures---the physical component summary (PCS) and the mental component summary (MCS) scores. These two scores reflect the status of physical, mental, and social well-being that are generally used to define health status \[[@CR9]\]. The aim of this study was to explore the prevalence of successful aging, as gauged by SF-36, as well as to identify determinants of successful aging among community-dwelling elders.

Methods {#Sec2}
=======

Population and participants {#Sec3}
---------------------------

We conducted a population-based cross-sectional study in June 2009 with a target population of all residents aged ≥65 years residing in eight administrative neighborhoods of Taichung, Taiwan. Taichung is located in west-central Taiwan and has a population of just over one million people, making it the third largest city on the island; its area spans 163.4 km^2^, and the population density is 6,249/km^2^ (2009). There were 3,997 elderly residents in these eight administrative neighborhoods of Taichung, accounting for 4.5% of the population. Data for this study were obtained from individuals' records compiled by the Bureau of Households; details of this study's sampling method are described elsewhere \[[@CR10]\]. This research was approved by the Human Research Committee of China Medical University Hospital, and written informed consent was obtained from each participant. A total of 1,347 elderly residents of Taichung participated in this study, yielding an overall response rate of 49.0%. Among these participants, 256 elderly residents completed only the first stage of the screening test for the frailty assessment and did not submit responses to the SF-36 questionnaire. A total of 903 elders were included in the final data analysis after excluding those diagnosed with dementia (n = 18), those lacking Mini-Mental State Examination (MMSE) information (n = 5), those with MMSE scores less than 14 points (n = 8), those who had incomplete frailty-related components (n = 87), and those with incomplete SF-36 information (n = 70).

Measurements {#Sec4}
------------

### Successful aging {#Sec5}

Measurements from the SF-36 instrument were applied to identify whether the elderly residents of Taichung were aging successfully. The SF-36 is a short questionnaire with 36 items that measures the following eight multi-item variables: physical functioning (PF, 10 items), social functioning (SF, 2 items), role limitations due to physical problems (RP, 4 items), role limitations due to emotional problems (RE, 3 items), mental health (MH, 5 items), vitality (VT, 4 items), pain (BP, 2 items), and general perception of health (GH, 5 items). The scores for each variable item were coded, summed, and transformed into a score ranging from 0 (worst measured health state) to 100 (best measured health state). The SF-36 PCS and MCS scales were derived from the standard SF-36 scoring algorithms. Elders with both PCS and MCS in the highest tertile, indicating the best states of physical and mental health, were considered to be successfully aging. The cutoff scores of the top tertile were 53.00 for the PCS and 59.28 for the MCS.

#### Socioeconomic factors, health-related practices, visual and hearing capacity, and psychosocial support {#Sec6}

Data on health-related practices, psychosocial support, and socioeconomic factors (including age, gender, education, marital status and money use) were collected through self-administered questionnaires. Visual and hearing capacities were categorized as good, general, and bad/blind or bad/deaf. Health-related practices, such as tobacco use and alcohol consumption, were categorized as never and former/current. Regular exercise was categorized as "yes" or "no". Psychosocial support was assessed using two statements: "Someone is listening when you talk" and "You see relatives/friends when you want".

#### Frailty status and chronic illness and problems {#Sec7}

We adopted the definition of frailty proposed by Fried et al. \[[@CR11]\], consisting of five components: unintended weight loss, weakness, poor endurance and energy, slowness, and low physical activity level. In this study, unintended weight loss was defined as weight loss ^3^3 kg over the course of the previous year; weakness was defined as grip strength in the lowest quintile at baseline, based on the subgroups of gender and body mass index. Poor endurance and energy were evaluated by self-reported exhaustion and by two questions from the Center for Epidemiological Studies-Depression scale \[[@CR12]\]. Slowness was measured for each gender and height subgroup and was defined as the slowest quintile to walk a distance of 15 feet and was divided into gender and height subgroups \[[@CR11]\]. Low physical activity level was measured for each gender and was defined as the lowest quintile of kilocalories spent every week (using weighted scores), based on responses from each participant. Subjects exhibiting none of the above components were considered robust; those with one or two components were considered pre-frail; and those with more than two components were considered frail.

Self-reported personal medical histories---including diabetes mellitus, hypertension, heart disease, stroke, arthritis, hyperlipidemia, gout, hyperuricemia, cataract, and fall histories---were collected. Pain problems and sleep disorders were also collected as "yes" or "no" binary responses.

Statistical analysis {#Sec8}
--------------------

Continuous variables were reported as mean ± standard deviation (SD), and categorical variables were reported as numbers and percentages. Student's *t*-test was used to compare the eight dimensions and the two component summaries of SF-36 among elders who were and were not aging successfully. Univariate logistic regression was used to explore the associations of sociodemographic factors, psychosocial support, visual and hearing capacities, health-related practices, and chronic health problems with successful aging. Variables found to be statistically significant by univariate logistic regression analysis were selected to further evaluate their relative contributions using four multivariate logistic regression models. First, the sociodemographic and psychosocial support factors were evaluated by multivariate logistic regression. Health-related practices and visual and hearing capacities were then added to the second model; chronic illness and fall history were then added to the third model; and pain, sleep disorders, and frailty were finally added to the fourth model. All calculations were repeated for sensitivity analysis. The cutoff point of both the PCS and the MCS for defining successful aging was changed from the highest tertile to the seventieth percentile and the fourth quartile. All reported p-values were those of two-sided tests; significance was defined as p \< 0.05. All analyses were performed using SAS version 9.2 statistical software (SAS Institute Inc., Cary, NC, USA).

Results {#Sec9}
=======

Of the 903 elders (mean age, 73.90 years) enrolled in this study, 10.4% were identified as successful agers. Successfully aging elders had significantly higher scores in eight SF-36 dimensions than those who were not successfully aging; they also had the most favorable health status (with scores of 100) in the RP, SF, and RE variables (Table  [1](#Tab1){ref-type="table"}).Table 1**Comparison of eight dimensions and two component summaries of SF-36 between successfully aging and not successfully aging elders**Not successfully agingSuccessfully aging(n = 809)(n = 94)MeanSDMeanSDp valuePF80.9920.1496.174.49\<0.001RP83.8734.17100.000.00\<0.001BP78.5721.3198.455.72\<0.001GH59.4119.6084.8510.05\<0.001VT70.9018.5593.996.54\<0.001SF91.1216.27100.000.00\<0.001RE90.4027.80100.000.00\<0.001MH79.1816.1897.363.29\<0.001PCS47.508.0755.321.41\<0.001MCS54.617.6861.311.11\<0.001Physical functioning (PF), Role physical (RP), Bodily pain (BP), General health (GH), Vitality (VT), Social functioning (SF), Role emotional (RE), Mental health (MH), Physical component summary (PCS), and Mental component summary (MCS).

Older elders, females, and elders without enough or with just enough money for personal use had a lower prevalence of successful aging. The unadjusted analysis showed a higher prevalence of successful aging among elders with ≥7 years of education, with general or good visual capacity, with good hearing capacity, who regularly exercised, and who were able to see relatives and friends whenever they wished (Table  [2](#Tab2){ref-type="table"}).Table 2**Prevalence and odds ratio of successful aging defined by health-related quality of life among socio-demographic factors, visual and hearing capacity, and health-related practices**VariableTotal nSuccessful agingOR95% CIn%Total9039410.4***-**-**Socio-demographic factors***Age (years)  ≤703395415.931.00  71--75226146.19**0.35(0.19, 0.64)**  \>75338267.69**0.44(0.27, 0.72)**Gender  Men4776112.791.00  Women426337.75**0.57(0.37, 0.89)**Education  Illiterate10332.911.00  ≤6 years229166.992.50(0.71, 8.79)  7--12 years3084213.64**5.26(1.60, 17.36)**  ≥ 13 years2403313.75**5.31(1.59, 17.75)**Marital status  Current6447411.491.00  Others256207.810.65(0.39, 1.09)Money use  Enough2103215.241.00  Just enough578579.86**0.61(0.38, 0.97)**  Not enough11154.50**0.26(0.10, 0.69)*Visual and hearing capacity***Visual capacity  Bad/blind245104.081.00  General4104210.24**2.68(1.32, 5.45)**  Good2454217.14**4.86(2.38, 9.94)**Hearing capacity  Bad/deaf15295.921.00  General308175.520.93(0.40, 2.13)  Good4436815.35**2.88(1.40, 5.93)*Health-related practices***Regular exercise  No217115.071.00  Yes6838312.15**2.59(1.35, 4.96)**Smoking  No7117410.411.00  Current821214.631.48(0.76, 2.85)  Former11087.270.68(0.32, 1.44)Drinking  No727709.631.00  Current1211714.051.53(0.87, 2.71)  Former55712.731.37(0.60, 3.14)***Psychosocial support***Someone is listening when you talk  No5935.081.00  Yes8429110.812.26(0.69, 7.37)You see relatives/friends when you want  No11432.631.00  Yes7869011.45**4.78(1.49, 15.38)**Results in bold are significant at p\<0.05.

Among the associations with chronic health problems, increased odds of successful aging were found in non-frail elders and in those without hypertension, heart disease, hyperuricemia, arthritis, cataracts, fall histories, pain problems, or sleep disorders (Table  [3](#Tab3){ref-type="table"}).Table 3**Prevalence and odds ratios of successful aging defined by health-related quality of life among chronic illness, problems, and frailty status**VariableTotal nSuccessful agingOR95% CIn%Hypertension  Yes474377.811.00  No4205713.57**1.85(1.2, 2.87)**Diabetes mellitus  Yes154127.791.00  No7408110.951.45(0.77, 2.74)Heart disease  Yes264134.921.00  No6398112.68**2.80(1.53, 5.13)**Hyperlipidemia  Yes226219.291.00  No6627311.031.21(0.73, 2.02)Gout  Yes11076.361.00  No7818711.141.84(0.83, 4.09)Hyperuricemia  Yes10543.811.00  No7868911.32**3.22(1.16, 8.97)**Arthritis  Yes17873.931.00  No6918211.87**3.29(1.49, 7.25)**Stroke  Yes4800.001.00  No8379411.23\-\--Cataract  Yes421327.601.00  No4776213.00**1.82(1.16, 2.84)**Fall history  Yes7028712.391.00  No18873.72**3.65(1.66, 8.04)**Pain problem  Yes471194.031.00  No4017418.45**5.38(3.19, 9.09)**Sleep disorder  Yes394225.581.00  No4977114.29**2.82(1.71, 4.64)**Frailty  Non-frail3686216.851.00  Pre-fail428317.24**0.39(0.24, 0.61)**  Frail10710.93**0.05(0.01, 0.34)**OR: odds ratio; 95% CI: 95% confidence interval; Results in bold are significant at p\<0.05.

Nested logistic regression analysis was used to further examine the interrelatedness of factors significantly associated with successful aging. Among socioeconomic and psychosocial support factors, the odds of successful aging were significantly lower for the very elderly and for those with insufficient income. After accounting for the effects of visual capacity, hearing capacity, and exercise habits on successful aging, the significance of age remained unchanged while the strength of the financial resources association diminished. Meanwhile, we observed increased odds of successful aging for elders with general or good visual capacity and for those who exercised regularly. After chronic illness and history of falling were added into the regression model, successfulness of aging was statistically associated with an age range of 71--75 years; regular exercise; and the absence of heart disease, arthritis, and fall histories.

The associations of regular exercise and chronic diseases with successful aging disappeared, however, after adding the factors of pain, sleep disorders and frailty in the fourth model. In the final model, the odds of successful aging decreased in elders aged 71--75 years relative to those ≤70 years (adjusted odds ratio \[OR\]: 0.27; 95% confidence interval \[CI\]: 0.13--0.58) and in those in pre-frail states. An increase in the odds of successful aging was observed in elders who were able to visit relatives and friends whenever they wished (OR: 3.86; 95% CI: 1.09--13.61) and in those without a history of falling (OR: 4.95; 95% CI: 1.79--13.74), pain (OR: 4.04; 95% CI: 2.18--7.50), or sleep disorders (OR: 2.36; 95% CI: 1.30--4.27) (Table  [4](#Tab4){ref-type="table"}).Table 4**Nested logistic regression analysis of successful aging defined by health-related quality of life**Model IModel IIModel IIIModel IVVariableEffectOR95% CIOR95% CIOR95% CIOR95% CIAge (years)71--75 vs ≤70**0.360.180.690.360.180.700.340.170.700.270.130.58**\>75 vs ≤70**0.380.220.670.410.230.74**0.530.281.020.600.301.21GenderWomen vs Men0.640.391.080.790.461.360.880.501.561.080.582.00Education≤6 years vs Illiterate1.490.415.411.070.284.030.990.263.881.030.254.277--12 years vs Illiterate2.870.849.791.910.546.751.930.537.031.610.426.22≥ 13 years vs Illiterate2.860.8110.112.180.607.992.180.588.281.870.467.63Money useJust enough vs Enough0.760.451.270.850.501.450.900.511.601.040.561.93Not enough vs Enough**0.350.120.97**0.400.141.140.390.131.160.540.171.75You see relatives/friends when you wantYes vs No3.080.9310.222.770.829.363.451.0011.89**3.861.0913.61**Visual capacityGeneral vs Bad/Blind**2.321.045.18**2.070.904.731.360.573.27Good vs Bad/Blind**2.151.014.60**2.060.944.541.670.743.79Hearing capacityGeneral vs Bad/Deaf2.000.844.731.570.643.811.780.704.54Good vs Bad/Deaf0.660.251.770.530.191.460.480.171.36Regular exerciseYes vs No**2.711.255.872.731.246.02**1.530.613.79HypertensionNo vs Yes1.420.842.421.380.782.42Heart diseaseNo vs Yes**2.071.014.26**2.060.964.42HyperuricemiaNo vs Yes3.160.9210.873.190.8911.49ArthritisNo vs Yes**2.471.065.80**1.820.744.45CataractNo vs Yes1.050.591.861.070.591.97Fall historyNo vs Yes**4.081.5510.724.951.7913.74**Pain problemNo vs Yes**4.042.187.50**Sleep disorderNo vs Yes**2.361.304.27**FrailtyPre-fail vs Non-frail**0.450.240.84**Frail vs Non-frail0.140.021.13Adjusted McFadden's R^2^9.1%16.0%23.4%32.3%Likelihood ratio test^†^-p \< 0.001p \< 0.001p \< 0.001OR: odds ratio; 95% CI: 95% confidence interval; Results in bold are significant at p\<0.05.^†^: The current model compared with prior model.

The sensitivity analysis results showed that age, fall history, and pain were still significantly associated with successful aging when using the highest cutoff value at the seventieth percentile for both the PCS and the MCS. Successful aging associations with sleep disorders and visiting relatives and friends were strong but insignificant. Using the highest quartile as a cut-off value, only fall history and pain were significantly associated with successful aging. All elders who were frail were found to be unsuccessfully aging; however, the factor of frailty could not be added to the final multivariate model due to problems with statistical convergence.

Discussion {#Sec10}
==========

The prevalence of successful aging, as was defined using SF-36, was 10.4% in community-dwelling elders in a metropolitan population of Taiwan. Elders with chronic diseases or other health-related problems had a lower prevalence of successful aging compared with those without such health issues. All elderly people who had had a stroke, for example, were considered to be unsuccessfully aging. Elders more likely to be successfully aging, however, were ≤70 years old; were are able to visit relatives or friends whenever they wished; and had no history of falling, pain, or sleep disorders.

We adopted the five components of frailty defined by Fried et al. \[[@CR11]\] that included objective, performance-based measures. A previous study had reported that frailty in elders is an important clinical state that is distinct from normal aging and a strong predictor for disability \[[@CR11]\]. In this study, frailty was found to be an independent determinant of successful aging. Among frail elders, only one (0.93%) was found to be successfully aging; and even after PCS and MCS cutoff values were increased from tertile to a higher percentile, no other frail elders were found to be successfully aging. These results indicated that gauging successful aging using SF-36 is not only easy but also reflects actual health conditions. A noteworthy additional study by Theou et al., however, reported that frailty in elders can be reversed by structured exercise training \[[@CR13]\].

The prevalence of successful aging among previous community-based studies ranges from 0.4% to 95% based on various definitions \[[@CR5], [@CR6], [@CR12], [@CR14]--[@CR20]\]. In general, those studies using a single-item, self-rating scale reported a higher and more variable prevalence of successful aging, ranging from 50.3% to 90.2% \[[@CR6], [@CR15], [@CR18]\]. The focus of many studies on successful aging has shifted from disease status and functional decline to multidimensional health status, which encompasses physical, functional, psychological, and social health \[[@CR21]\]. Early published reports defined successful aging using only one or two dimensions of health, such as the absence of chronic diseases, longer longevity, independent physical functioning, social life engagement, and mental health \[[@CR14], [@CR16], [@CR17], [@CR19]\]. However, more recent studies have focused on the concept that successful aging is more multifaceted and complex \[[@CR5], [@CR7]\]. Studies using the absence of major disease as one of the domains to define successful aging in elders reported a lower prevalence of successful aging \[[@CR15], [@CR18], [@CR20]\] compared with those not using this domain \[[@CR5], [@CR7], [@CR12], [@CR15]\]. To obtain a comparable prevalence of successful aging among elders and to explore the associated determinants, there is a need for a simple, standardized and multidimensional tool to be used across studies. In a study conducted in Hong Kong, higher PCS and MCS scores in SF-36 reflected better overall physical, functional, psychological, and social health in Chinese elders \[[@CR22]\]. Consequently, higher PCS and MCS scores in SF-36 among elders were used to define successful aging in this study.

Age is a commonly identified determinant of successful aging. Consistent with the results reported in previous studies \[[@CR5], [@CR23], [@CR24]\], younger age was one determinant of successful aging among elders in this study. We also found that the ability to see relatives and friends at will (as a variable related to social support) was an independent determinant for successful aging among the elderly. Pruchno et al. \[[@CR23]\] reported that unsuccessfully aging elders have less social support compared with successful agers. Our findings on the associations among sleep disorders, fall histories, and successful aging were similar to those in prior research \[[@CR25]\]. Elderly persons with sleep disorders were at a higher risk of unsuccessfully aging compared with those without sleep disorders. This finding provides evidence supporting a previous study by Andrews et al. \[[@CR25]\] that defined the concept of high functioning and found that elders without sufficient sleep were less likely to be in the high functioning category. In our findings, a history of falling was associated with a lower likelihood of successful aging, as those with such a history tend to restrict outdoor activity out of a fear of falling \[[@CR26]\]. In general, the fear of falling has tended to impede elderly participation in healthy activities and leads to decreased mobility, resulting in diminished quality of life \[[@CR27], [@CR28]\].

Previous studies have reported that chronic diseases---such as arthritis, diabetes, stroke, and hypertension---were all associated with successful aging. \[[@CR5], [@CR16]\] We found that these diseases were not independent risk factors of unsuccessful aging because their effects were explained by falls, frailty, pain, and sleep problems. Among these chronic diseases, stroke had a major impact on successful aging; all elders who had a history of stroke in this study were found to be unsuccessfully aging. Strokes were not, however, added to the final multivariate model due to problems with statistical convergence. We observed lower physical component scores in elders with stroke histories compared with those without stroke histories; no significant differences were observed in mental component scores. Consistent with the findings of Okonkwo et al. \[[@CR29]\], the difference in PCS scores between subjects with and without a stroke history in this study was approximately twofold that in MCS scores. In contrast to our findings on stroke effects, Haley et al. \[[@CR30]\] indicated that an incident of stroke has a negative impact in both mental and physical health over a three-year period. One possible explanation for these different findings is that the elders in our present study had already coped with their conditions, allowing for better mental health.

In present study, we used Cohen's d in the chi-square value formula ( , where N is total sample size) \[[@CR31]\] to calculate the effect size of significant factors. Our results indicated a mid-size effect of both pain (d = 0.47) and frailty (d = 0.38). The effect sizes of other factors (including age, seeing relatives and friends at will, fall histories, and sleep disorders) were small, between 0.2 and 0.3. The two determinants of pain problems and frailty were found to have greater relative association with successful aging.

The present study has certain limitations that should be taken into account when interpreting the results. First, owing to the nature of the cross-sectional study, we cannot explore the possible causal relationships between the health conditions considered in this study and successful aging. Second, the findings of our work are not generalizable to rural elders because this study sample was a group of metropolitan elders. Finally, the prevalence of successful aging in urban elders may have been overestimated due to the exclusion of elders who were diagnosed with dementia, had cognitive impairment, and were unable complete the SF-36 questionnaire. Our study's elders reflected the general global measures of physical and mental dysfunction, rather than those of specific disabilities or impairments \[[@CR32]\].

Conclusions {#Sec11}
===========

The following conclusions can be drawn from the present study: the higher proportion of successful aging in elders was found among those who were relatively younger, had social support, not frail, and had no pain, sleep impairment, and fall history. These findings revealed the importance of considering suitable intervention to improve the frailty, pain, and sleep problems among the elders. However, the causal relationships between these factors and successful aging will require further investigations.
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